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Abstract
Background
A recent meta-analysis by Glantz et al. combined odds ratios (ORs) relating e-cigarette use (vaping) to cardiovascular disease, stroke, chronic obstructive pulmonary disease (COPD) and other endpoints. They assessed all included studies as having a low risk of bias, and concluded that vaping and smoking have a “comparable” disease odds, with dual use associated with more risk than smoking.

Aim
To examine the accuracy of these conclusions, giving particular attention to myocardial infarction (MI), stroke and COPD.

Methods
We determined (1) whether the pooled random-effect estimates were correctly calculated from the ORs included, (2) whether the detailed outcomes were correctly described and appropriate and whether additional OR estimates could have been included from the studies considered, (3) whether the data were correctly extracted from the source papers, (4) whether some studies should definitely or possibly have been excluded, (5) what the pooled OR estimates were for MI, stroke and COPD after excluding definitely invalid results and restricting attention to data based on appropriate disease definitions, (6) how estimates of the excess risk (ER = OR − 1) for vaping compare to those we estimate for quitting, (7) whether various sources of bias were adequately accounted for, and (8) whether conclusions were confirmed in studies where reverse causation was not an issue, i.e. where disease onset could not have preceded uptake of vaping.

Results
We found no major issues regarding pooled estimation, description of diagnoses and extraction of data from the source papers, but some studies should have been excluded, and one further result was available for MI. Using data appropriately extracted for valid diagnoses, we derived pooled OR estimates for vaping vs. smoking of 0.48 (95%CI: 0.35–0.67) for MI, 0.65 (0.49–0.86) for stroke and 0.46 (0.35–0.60) for COPD. These showed a significantly reduced risk for vaping, similar to or lower than expected for quitting smoking for 5 to 10 years, highly relevant given the short period of vaping following earlier smoking for most study participants. For dual use vs. smoking, pooled OR estimates were 1.41 (1.18–1.68) for MI, 1.39 (1.06–1.82) for stroke and 1.32 (1.17–1.50) for COPD. The studies considered were predominantly cross-sectional so could not account for reverse causation, or for those who smoked and became dual users possibly having smoked more cigarettes or smoked for a longer period than those not doing so. Only three publications accounted for reverse causation, each using the same data source, and each found a significant effect of smoking, but not vaping, on the diseases considered.

Conclusion
The claim in the original meta-analysis that the studies had a low risk of bias is demonstrably incorrect, and even the biased data suggests that switching to e-cigarettes may reduce disease risk similarly to quitting. Biases may also explain the somewhat higher risk observed in those who smoked and vaped than in those smoking exclusively. Very limited unbiased data found no significant effect of vaping on the diseases considered. Though more good studies are urgently needed, the conclusions of Glantz et al. are not supported by the currently available evidence.
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Background
Tobacco harm reduction has generated intense debate among the scientific community, some suggesting that there are expected public health benefits from adopting such a strategy in smoking control, and others concerned about issues such as the renormalization of smoking, the perpetuation of nicotine dependence, possible unknown future risks and the adoption of nicotine use by youth. E-cigarettes have been at the center of this debate since the time they first became available [1], with contrasting views still presented today, after years of availability in the market [2–10].
One of the major determinants of the public health impact of vaping (use of e-cigarettes) is their effect on the risk of smoking related-disease, both in terms of their relative risk compared to tobacco cigarettes but also in the context of their absolute risk [10]. Understandably, the best quality evidence is expected to come from long-term epidemiological studies, with detailed examination of the smoking status of participants and any changes in it over time, as well as of the temporal association between smoking, smoking cessation, vaping initiation and disease development. While such long-term evidence does exist for another harm reduction product, snus [11–13], the time e-cigarettes have been available is still not long enough to provide much data. Thus, any current analysis of the risk of vaping compared to smoking is based on short-term observational, often cross-sectional, studies of smoking-related disease rates, an approach that is susceptible to bias and limits the interpretation of association as causation.
In a recent publication, Glantz et al. performed a random-effect meta-analysis of data for six disease groupings [14]. Comparing odds ratios (ORs) for vaping and cigarette smoking in their Fig. 1, they reported statistically significant reductions for asthma (OR: 0.84, 95%CI: 0.75–0.95, n = 29 studies) and chronic obstructive pulmonary disease (COPD, 0.53, 0.38–0.74, n = 11), but not for cardiovascular disease (CVD, 0.81, 0.58–1.14, n = 9), stroke (0.73, 0.47–1.13, n = 5), metabolic dysfunction (0.99, 0.91–1.09, n = 6) and oral disease (0.87, 0.76-1.00, n = 9). Comparing ORs for dual use and cigarette smoking in their Fig. 2, statistically significant increases were noted for stroke (1.26, 1.06–1.50, n = 6), metabolic dysfunction (1.22, 1.15–1.31, n = 10), asthma (1.19, 1.12–1.28, n = 39), COPD (1.41, 1.19–1.67, n = 17), and oral disease (1.36, 1.12–1.64, n = 9), but not for CVD (1.23, 0.99–1.54, n = 12). They assessed all the studies included as having “a low risk of bias”, noted that results were “generally not sensitive to study characteristics” and also presented (in Figs. 1 and 2) results for some other outcomes which suggest “that e-cigarette use is associated with other diseases”.
The purpose of our study was to reanalyze the data presented by Glantz et al. [14], focusing on three of the most studied smoking-related diseases, COPD, stroke and myocardial infarction (MI) as we wished to also investigate ratios of the excess risk (ER = OR − 1), and compare these with estimates derived for these diseases from recent literature of the decline following quitting or switching to a reduced risk product [15].

Methods
Our analyses attempted to answer eight questions or sets of questions. These are listed below in order, together with the methods used to answer them.
(Q1) Given the ORs for CVD, stroke and COPD presented in Figs. 1 and 2 of Glantz et al. [14], were the pooled random-effect estimates correctly calculated?
Standard meta-analysis calculations [16] were used to check the correctness of the meta-analyses reported based on the ORs included.
(Q2) For the ORs for CVD, stroke and COPD included in Figs. 1 and 2 of the original meta-analysis, were the detailed outcomes correctly described, which corresponded to a standard definition of CVD, stroke, COPD and also of MI, and which studies listed did provide results for MI, stroke or COPD though not presented in these tables?
All the source papers used in the sections on CVD, stroke and COPD were obtained and used to check the diagnoses shown there. Studies were rejected which provided data only for detailed outcomes not corresponding to the standard ICD definitions of CVD, stroke or MI. These detailed outcomes included “erectile dysfunction” and “heart failure” (listed under cardiovascular disease in Figs. 1 and 2 of Glantz et al. [14]), and also “respiratory symptoms” (listed under COPD in the same Figures). Studies were also rejected where the definition of COPD included asthma, not considered as being part of COPD. Studies with detailed outcomes given as “CHD” or “Composite (CHD, MI, stroke, CVD)” under cardiovascular disease in these figures were checked to see if they did provide separate data for MI or stroke.
(Q3) For those studies which provided OR estimates for the standard definitions of MI, stroke and COPD did the estimates in the source papers correspond to those given in Figs. 1 and 2?
The same source papers were also used to check whether the data cited there were consistent with the data cited in the source.
(Q4) Should some study results have definitely been excluded from consideration by Glantz et al. [14] as the data used was clearly invalid, or possibly excluded for other reasons?
For those papers accepted as having a disease diagnosis corresponding to MI, stroke or COPD, the source papers were examined to check whether the OR presented in the source paper was evidently far too narrow for the number of cases observed, and should not have been included in the meta-analyses.
When examining the data extracted from the source papers, we also identified those where the estimation of the OR comparing those who smoked cigarettes and vaped with those who only smoked cigarettes was not based on an analysis restricted to those who smoked cigarettes, but involved the possibly dubious assumption that the effects of vaping and of cigarette smoking were multiplicative, suggesting that such results might possibly have been excluded.
(Q5) What were the OR estimates based on data using the standard disease definitions and after any exclusions of studies with inappropriate disease diagnosis or clearly invalid data?
For each of the three diseases of interest we carried out our own random-effect meta-analyses of all the ORs which provided appropriate data on the comparative ORs (vaping vs. cigarettes; dual use vs. cigarettes), and compared them to those estimated from Figs. 1 and 2 for studies which provided data with the stated detailed outcome.
(Q6) How did the excess risks (ER = RR − 1) for vaping compare to those that can be estimated for quitting smoking?
While Glantz et al. [14] had concentrated on estimating relative ORs for vaping vs. cigarettes, we opted to additionally estimate relative ERs for this comparison. The rationale behind this is that it is the ER, not the OR, which should represent the effect of exposure [17]. Thus if the true OR for cigarette use (relative to non-use) for a disease is, say 3, so the ER is 2, and e­cigarettes have, say, 10% of the effect of cigarettes, one might expect their ER to be 0.2 and their OR to be 1.2. The ratio of the ORs (1.2/3 = 0.4) might wrongly suggest to the uninitiated that vaping has 40% of the effect of cigarette smoking when the ratio of the ERs, 0.1, gives the correct picture. Thus, relative ERs were also calculated for MI, stroke and COPD from each study with relevant data.
Also, considering that disease risk decreases gradually after quitting smoking and that most people using e-cigarettes in the studies considered will probably only have used them for little more than 10 years at most, we compared the ratio of observed ERs for vaping vs. cigarette smoking with the ratio of expected ERs for short term quitting vs. continuing smoking, assuming that the decline in risk following quitting follows a negative exponential distribution (as has been shown to be approximately true for various smoking-related diseases [18–21]) and using recent estimates of the disease-specific RRs and half-lives for smoking [15].
(Q7) Were sources of potential bias and non-independence of the OR estimates adequately considered by Glantz et al. [14]?
The individual papers providing data with an appropriate diagnosis, and not excluded for other reasons, were examined to determine the extent that they took various potential biases into account. One particular bias considered was reverse causation. Another bias might occur due to failure to adjust for detailed cigarette smoking history. For example, at the time point when those who smoked cigarettes took up vaping additionally, they might have smoked more cigarettes or smoked for a longer duration than did those who did not take up vaping. Another issue studied was whether the analyses reporting ORs for dual use vs. cigarettes only were restricted to those who had smoked cigarettes, or whether they were based on comparisons of those using e­cigarettes vs. those who did not using a model which assumed that effects of smoking were multiplicative. We also investigated whether multiple ORs could have derived from the same database, so that they might not have been independent estimates, as required in a properly conducted meta-analysis.
(Q8) Were the conclusions of Glantz et al. [14] confirmed in studies accounting for reverse causation (where disease onset could not have preceded uptake of vaping)?
Results were summarised for those selected studies of MI, stroke and COPD that did take account of reverse causation.

Results
(Q1) checking whether the pooled random-effect estimates for CVD, stroke and COPD were correctly calculated.
Assuming initially that the ORs given in Figs. 1 and 2 of the original meta-analysis were correct, we could produce exactly the random-effects pooled OR estimates for CVD and COPD given in those Figures. For stroke, a problem arose due to the inclusion of OR estimates from the Patel study [22] which had identical upper and lower 95%CI. This meant that a random-effect estimate could not be calculated. However using limits of 1.145–1.155 rather than 1.15–1.15 in Fig. 1, and of 1.135–1.145 rather than 1.14–1.14 in Fig. 2, generated pooled estimates of 0.72 (95%CI 0.46–1.13) based on the Fig. 1 data which were very similar to that of 0.73 (0.47–1.13) given in Fig. 1, and of 1.26 (1.06–1.50) for Fig. 2, based on the Fig. 2 data, identical to that given in Fig. 1. While there seems no reason to question the accuracy of the process of carrying out the pooled estimates by Glantz et al. [14], a question is raised about using the Patel et al. study in the meta-analysis since the reported result appears to be seriously inaccurate, as discussed further below.
(Q2) Testing whether the detailed outcomes were correctly described and appropriate and whether some of the studies listed did provide additional useful results.
In Figs. 1 and 2 combined of Glantz et al. [14], there were 12 studies listed under the broad heading CVD, 6 under stroke and 18 under COPD, with 3 studies listed under CVD and stroke [23, 24], one listed under CVD and COPD [25], and one listed under all three diseases [26].
Of the 12 studies listed under CVD, one [27] had a detailed outcome of “erectile dysfunction”, which should not have been included, being only a condition possibly linked to CVD, and not CVD itself. There were also five studies, correctly listed under “composite (CHD, MI, stroke, CVD)” [25, 28–31], none of which were found to provide separate results for MI. There was also one listed under “heart failure” [32], which should not be considered under MI. One study was listed under “CHD” [33], but we found that it did provide separate results under MI. This could be added to the other four studies, all of which provide results for MI [23, 24, 26, 34], and are correctly listed as such.
Of the six studies listed under stroke [22–24, 26, 35, 36], all had a detailed outcome of “stroke”.
Of the 18 studies listed under COPD, four had a detailed outcome described as “respiratory symptoms” [25, 26, 37, 38], though the source paper for one of these described the results as being for COPD [26]. The remaining 14 studies had a detailed outcome described as “COPD” [39–52], though in three of these results were only given for a definition including asthma [41, 43, 51], which is not considered as being part of COPD.
(Q3) testing whether the data were correctly extracted from the source papers.
Comparison of the OR estimates given in Figs. 1 and 2 of Glantz et al. [14] and in the source papers revealed only minor differences, which are listed below under section (Q5).
(Q4) Checking whether some study results cited by Glantz et al. [14] should have been excluded, or possibly excluded.
Examination of the papers apparently providing results for a valid definition of MI, stroke or COPD revealed that one study did not actually provide useful results. This was the study by Patel et al. [22] where the source paper presented adjusted ORs of 1.15 (95%CI: 1.15–1.16) for the e-cigarette vs. cigarette comparison, and of 1.14 (95%CI: 1.14–1.15) for the dual use vs. cigarettes comparison, where the 95%CI were slightly different from those with identical lower and upper limits reported in Figs. 1 and 2 of the original meta-analysis. It is clear that the 95%CI are far too narrow for both comparisons. From the unadjusted data in the source paper, the ratio of the upper to the lower confidence limit could readily be estimated as 1.63 for the first comparison, and as 1.17 for the second, far higher than the 1.01 for both comparisons based on the ORs given by Patel et al. Since adjustment can only increase the width of the CI, it is clear that the results given in the source paper are invalid. It is also clear that a valid adjusted estimate could not be calculated from the results in the paper, and as adjustment was required (given inter alia the age difference between the groups) one must therefore reject this paper from any valid meta-analysis.
We also noted that there were a number of studies where the estimation of the OR comparing those who smoked cigarettes and vaped with those who only smoked cigarettes was not based on an analysis restricted to those who smoked cigarettes, but involved the assumption that the effects of vaping and of cigarette smoking were multiplicative [26, 33–35, 42, 48, 50]. We include such results in our analyses, but we also show the effect of excluding them from the pooled estimates that we derive.
After choosing studies which provided results for a valid diagnosis, and also excluding the Patel et al. study considered in the paragraphs above, attention was limited to five studies for MI [23, 24, 26, 33, 34], five for stroke [23, 24, 26, 35, 36] and 11 for COPD [39, 40, 42, 44–50, 52].
(Q5) carrying out meta-analyses for the standard disease definitions based on the appropriate OR data.
Table 1 summarizes vaping vs. cigarettes results for the selected studies, and shows differences between the ORs extracted from the sources and those given in Fig. 1 of Glantz et al. [14].

                        Table 1Comparative ORs for vaping vs. cigarette smoking


	Study
	Disease
	Estimate from source
	Estimate in Fig. 1 of Glantz et al. [14]

	Alzahrani [34]
	MI
	0.66 (0.43–1.02)
	Same

	Falk [23]
	 	0.35 (0.19–0.63)
	0.35 (0.19–0.62)

	Farsalinos [33]
	 	0.43 (0.25–0.75)
	Only gave CHD estimate

	Goldberg Scott [26]
	 	Not available1
	No

	Hirschtick [24]
	 	0.31 (0.06–1.60)
	0.30 (0.04–2.22)

	Pooled
	 	0.48 (0.35–0.67)
	Same2

	Bricknell [35]
	Stroke
	0.77 (0.54–1.10)
	Same

	Falk [23]
	 	0.50 (0.27–0.92)
	0.50 (0.33–0.77)

	Goldberg Scott [26]
	 	Not available1
	No

	Hirschtick [24]
	 	0.77 (0.23–2.61)
	0.77 (0.25–2.38)

	Parekh [36]
	 	0.43 (0.20–0.95)
	0.43 (0.18–1.04)

	Pooled
	 	0.65 (0.49–0.86)
	0.62 (0.48–0.82)

	Antwi [39]
	COPD
	0.32 (0.23–0.45)
	0.32 (0.22–0.47)

	Barrameda [40]
	 	0.76 (0.31–1.89)
	No

	Cook [42]
	 	0.67 (0.42–1.09)
	0.67 (0.39–1.17)

	Kim [44]
	 	Not available3
	No

	Osei [45]
	 	Not available1
	No

	Parekh [46]
	 	0.42 (0.21–0.84)
	0.42 (0.17–1.01)

	Paulin [47]
	 	0.71 (0.26–1.91)
	0.71 (0.23–2.23)

	Perez [48]
	 	Not available1
	No

	Wills [49]
	 	0.87 (0.44–1.71)
	0.86 (0.46–1.61)

	Wills [50]
	 	0.31 (0.26–0.38)
	Same

	Xie [52]
	 	0.39 (0.27–0.56)
	0.39 (0.25–0.62)

	Pooled
	 	0.46 (0.35–0.60)
	0.46 (0.35–0.62)4


1 Paper gave no ORs for those who smoked cigarettes
2 Including the estimate we extracted from Farsalinos [33]
3 Paper did not separate out those who only vaped
4 Including the estimate we derived from Barrameda [40]



Three points are evident from this table. First, there are a number of minor differences within studies between the ORs we extracted, and those given in Glantz et al. [14], the reason for this not being evident to us. Second, there were three studies of COPD, and one of MI and stroke, where it was not possible to derive an estimate of the comparative ORs for reasons explained in the footnotes to Table 1. Third, there was a highly significant lower OR for vaping than for cigarette smoking for all three disease endpoints, the ORs being 0.48 (95%CI: 0.35–0.67) for MI, 0.65 (95%CI: 0.49–0.86) for stroke and 0.46 (95%CI: 0.35–0.60) for COPD based on the data extracted from the source papers. These ORs were little affected by using the data given in Fig. 1 of Glantz et al. [14].
Table 2 summarizes the results for the comparison of dual use vs. cigarette smoking for the selected studies, and also shows any differences between the ORs we extracted from the source papers and those given in Fig. 2 of Glantz et al. [14].
Table 2Comparative ORs for those who smoked cigarettes and vaped with those who only smoked cigarettes


	Study
	Disease
	Estimate from source
	Estimate in Fig. 2 of Glantz et al. [14]

	Alzahrani [34]
	MI
	1.79 (1.20–2.66)
	1.79 (1.20–2.67)

	Falk [23]
	 	1.35 (1.08–1.70)
	1.35 (1.08–1.69)

	Farsalinos [33]
	 	1.35 (0.80–2.27)
	Only gave CHD estimate

	Goldberg Scott [26]
	 	1.30 (0.66–2.55)
	1.30 (0.66–2.56)

	Hirschtick [24]
	 	0.92 (0.30–2.82)
	0.93 (0.28–3.07)

	Pooled A
	 	1.41 (1.18–1.68)
	1.41 (1.18–1.68)

	Pooled B
	 	1.33 (1.06–1.66)
	1.33 (1.07–1.66)

	Bricknell [35]
	Stroke
	1.62 (1.18–2.31)
	1.62 (1.16–2.27)

	Falk [23]
	 	1.13 (0.90–1.43)
	1.14 (0.90–1.43)

	Goldberg Scott [26]
	 	1.65 (0.94–2.89)
	Same

	Hirschtick [24]
	 	0.50 (0.14–1.79)
	0.50 (0.15–1.67)

	Parekh [36]
	 	1.83 (1.06–3.17)
	1.83 (0.98–3.42)

	Pooled A
	 	1.39 (1.06–1.82)
	1.37 (1.05–1.81)

	Pooled B
	 	1.22 (0.76–1.94)
	1.19 (0.74–1.91)

	Antwi [39]
	COPD
	0.99 (0.67–1.46)
	0.99 (0.63–1.55)

	Barrameda [40]
	 	1.47 (1.13–1.92)
	1.83 (1.59–2.10)

	Cook [42]
	 	1.10 (0.78–1.56)
	1.10 (0.74–1.64)

	Kim [44]
	 	1.25 (0.69–2.27)
	Same

	Osei [45]
	 	1.66 (1.50–1.84)
	1.66 (1.46–1.89)

	Parekh [46]
	 	1.55 (1.10–2.18)
	1.55 (1.00-2.40)

	Paulin [47]
	 	1.04 (0.77–1.40)
	1.04 (0.74–1.46)

	Perez [48]
	 	1.43 (1.12–1.85)
	1.43 (1.07–1.91)

	Wills [49]
	 	1.32 (0.98–1.77)
	Same

	Wills [50]
	 	1.44 (1.21–1.71)
	Same

	Xie [52]
	 	1.16 (1.05–1.27)
	1.16 (1.03–1.31)

	Pooled A
	 	1.32 (1.17–1.50)
	1.37 (1.19–1.57)

	Pooled B
	 	1.31 (1.11–1.54)
	1.29 (1.07–1.54)


Note that Pooled A estimates include all the ORs given, while Pooled B estimates (indicated by the study name being shown in bold) are restricted to those ORs calculated from analyses restricted to those who smoked, as shown in Table 4. For the Barrameda study, only our estimate was from analyses restricted to those who smoked



As is the case for Table 1, there were a number of differences within studies between the ORs we derived from the source papers, and those given in Glantz et al. [14], which were mainly minor. Based on the data we extracted, there was a similar and significantly increased OR for dual use compared to cigarette smoking for all three disease endpoints. The ORs were 1.41 (95%CI: 1.18–1.68) for MI, 1.39 (1.06–1.82) for stroke and 1.32 (1.17–1.50) for COPD. Restricting attention to ORs calculated from analyses restricted to those who smoked cigarettes, the ORs reduced somewhat, but remained significant except for stroke. Pooled estimates derived from the estimates of Glantz et al. [14] were quite similar to ours.
(Q6) comparing excess risks for vaping with those we estimated for quitting smoking.
Table 3 shows, for the studies of MI, stroke and COPD that we have considered, the observed ratio of ERs for vaping vs. cigarette smoking and the expected value of the ratio of ERs for those who quit smoking (5 years or 10 years) vs. continued smoking based on recently published estimates of the half-life (the time in years taken for those who have quit to halve their excess risk of disease) [15]. Of the 16 results considered, it is notable that for 11 the observed ER for vaping vs. cigarette smoking was less than would be expected comparing 10 year quitting with continuing smoking. For 13 of them, it was less than expected comparing 5 year quitting with continuing smoking, with the other 4 having quite similar ER ratios.
Table 3Comparing excess risk ratios for vaping compared to cigarette smoking with those for quitting compared to continuing smoking


	 	 	ER Ratio
	Expected ER ratio if

	Study
	Disease
	e-cigs/cigs
	quit 5 years
	quit 10 years

	Alzahrani [34]
	MI
	0.459
	0.521
	0.272

	Falk [23]
	 	−0.009
	 	 
	Farsalinos [33]
	 	0.164
	 	 
	Hirschtick [24]
	 	−0.394
	 	 
	Bricknell [35]
	Stroke
	0.564
	0.484
	0.235

	Falk [23]
	 	0.052
	 	 
	Hirschtick [24]
	 	0.587
	 	 
	Parekh [36]
	 	−0.525
	 	 
	Antwi [39]
	COPD
	0.141
	0.771
	0.594

	Barrameda [40]
	 	0.713
	 	 
	Cook [42]
	 	0.159
	 	 
	Parekh [46]
	 	0.162
	 	 
	Paulin [47]
	 	0.391
	 	 
	Wills [49]
	 	0.798
	 	 
	Wills [50]
	 	0.122
	 	 
	Xie [52]
	 	0.168
	 	 

Note: Assuming half-lives of 5.32 years for MI, 4.78 years for stroke and 13.32 years for COPD [15]. Half-lives for stroke and COPD are age-independent, but for MI are not, the value selected for MI being for age 50–59. Expected ER ratios are 0.629 (quit 5 years) and 0.396 (quit 10 years) using the half-life of 7.48 for age 60–69



(Q7) considerations of various sources of bias and of non-independence.
Table 4 gives some characteristics of the 18 studies considered in Tables 1, 2 and 3, all except one [44] conducted in the USA. It shows the data source from which each study came, nine studies coming from BRFSS (Behavioral Risk Factor Surveillance Survey), four from PATH (Population Assessment of Tobacco and Health), three from NHIS (National Health Interview Survey) and one each from the Kaiser Permanente study and the Korean NHANES (National Health and Nutrition Survey). It shows whether “reverse causation” was accounted for, “No” in the final column indicating that the possibility that disease onset occurred before the switch to vaping was not ruled out. It also shows the diseases studied, whether the ratios were reported by Glantz et al. [14] in their Figs. 1 and 2, and whether the estimates of the comparative risk of those who smoked and vaped and those only smoking were based on analyses restricted to those who smoked.
Table 4Some features of the studies considered in Tables 1–3


	 	Data
	Reverse causation
	 	Ratio reported by Glantz et al. [14]
	Ratio restricted

	Study
	Source
	allowed for
	Diseases studied
	vaping
	both products
	to those who smoked

	Alzahrani [34]
	NHIS
	No
	MI
	✓
	✓
	No

	Antwi [39]
	BRFSS
	No
	COPD
	✓
	✓
	Yes

	Barrameda [40]
	BRFSS
	No
	COPD
	X
	✓
	Yes/No1

	Bricknell [35]
	BRFSS
	No
	Stroke
	✓
	✓
	No

	Cook [42]
	PATH
	Yes
	COPD
	✓
	✓
	No

	Falk [23]
	NHIS
	No
	MI, stroke
	✓
	✓
	Yes

	Farsalinos [33]
	NHIS
	No
	MI
	✓2
	✓
	No

	Goldberg Scott [26]
	KAISER
	No
	MI, stroke
	X
	✓
	No

	Hirschtick [24]
	PATH
	Yes
	MI, stroke
	✓
	✓
	Yes

	Kim [44]
	KOREA NHANES
	No
	COPD
	X
	✓
	Yes

	Osei [45]
	BRFSS
	No
	COPD
	X
	✓
	Yes

	Parekh [36]
	BRFSS
	No
	Stroke
	✓
	✓
	Yes

	Parekh [46]
	BRFSS
	No
	COPD
	✓
	✓
	Yes

	Paulin [47]
	PATH
	Yes
	COPD
	✓
	✓
	Yes

	Perez [48]
	PATH
	No
	COPD
	X
	✓
	No

	Wills [49]
	BRFSS
	No
	COPD
	✓
	✓
	Yes

	Wills [50]
	BRFSS
	No
	COPD
	✓
	✓
	No

	Xie [52]
	BRFSS
	No
	COPD
	✓
	✓
	Yes


1 Only for the estimates by us
2 Only for CHD



The fact that the 18 papers were based on only five source databases implies that the individual study estimates are not independent, as is the usual requirement for meta-analyses. It is also notable that much of the data came from cross-sectional surveys, such as NHIS and BRFSS, where the sequencing of disease initiation and the uptake of vaping was not recorded. Only four of the studies presented some results of prospective analyses of incidence of disease following vaping uptake [24, 26, 42, 47]. Additionally only 11 of the 18 studies comparing risk in those using both products and those only smoking actually presented comparative OR estimates based on analyses restricted to those who smoked cigarettes, as would seem appropriate. Finally, of the studies presenting the comparative ORs for dual use the great majority did not adjust for cigarette consumption at all, while those that did so used measures based on pack-years [24, 42, 47, 52], when daily consumption and duration of exposure may have different effects. None of the studies appeared to have compared cigarette consumption in those using both products and those who continued to smoke cigarettes before and after the switch to e-cigarettes, or to take this into account in analysis. Thus, the interpretation of the approximately 30–40% higher risk of MI, stroke and COPD in those using both products with those exclusively smoking shown in Table 3 is far from straightforward.
(Q8) limiting attention to studies which allowed for reverse causation.
As noted in Table 4, only three publications, two on COPD [42, 47] and one on CVD [24] allowed for reverse causation, all of these being based on data from waves 1–5 of the US PATH study. It is notable that each of these publications reported a significant effect of cigarette smoking on the endpoints considered, but none found a significant effect of vaping, whether comparing vaping with non-tobacco use, or comparing those who vaped and smoked with those who only smoked. The fact that the two estimates for COPD were based on the same data is a good example to illustrate that the set of ORs for a give endpoint cited by Glantz et al. [14] were not necessarily independent, contrary to the usual assumptions for a meta-analysis.

Discussion
While we have not attempted to carry out a detailed investigation of all the data and analyses presented by Glantz et al. [14], we have looked quite closely at the evidence relating to MI, stroke and COPD. While we could reproduce exactly the pooled estimates they presented, given the individual study OR (95%CI) estimates, and generally only found minor differences between the individual study estimates that they presented and those that we derived from the source papers, we did find that the set of studies they considered was not completely appropriate. Thus there were some studies that should not have been considered at all, including the self-evidently erroneous estimate for stroke with 95%CI of virtually zero width [22] and the result for erectile dysfunction [27], which is not CVD. Nevertheless it is clear that the overall results suggest that those who exclusively vaped had a somewhat lower risk and those who smoked and vaped had a somewhat higher risk of the diseases we looked at than did those exclusively smoking cigarettes.
In the limitations section of the discussion, Glantz et al. [14] pointed briefly to a number of problems with the data considered. These included the changing nature of e-cigarettes over time, the lack of control for duration and frequency/intensity of vaping and cigarette smoking, the fact that most of the studies were of cross-sectional design, the reliance on self-reported diagnoses, and the fact that “e-cigarettes have been on the market for less than 20 years, which may not be long enough to observe the full manifestation of the disease impact”. These issues were also referred to in a number of the publications for MI, stroke and COPD that we have considered, some of which also referred to a number of other problems, including limited control for confounding variables in some studies, and reliance on self-reported e-cigarette use and cigarette smoking. In our view, there are a number of highly relevant features of the data that failed to come across in the review by Glantz et al. [14].
One is that the publications considered were based on very few source surveys, only BRFSS, PATH, NHIS, KAISER and Korean NHANES. Although the analyses may have differed between the publications and did not necessarily use data from the same waves/years it is clear that there must be overlap, with different publications involving the same cases. As such, the individual study estimates were not independent, which the individual data sets combined in meta-analyses should be. What effect this would have is difficult to estimate.
An additional, and very important, problem is that the majority of studies analyzing these datasets were cross-sectional. This means that account was not, or could not, be taken of the fact that some of the cases of disease could have occurred before the start of e­cigarette use. In one of the studies examining the association between e-cigarette use and MI it was argued that the possibility that some of the MIs had occurred before initiation of vaping would bias the OR estimates towards the null, meaning that the study results likely underestimated the true risks associated with vaping [34]. However, there is absolutely no logic to this statement, as if a substantial proportion of the disease cases occurred before vaping use was started, and were wrongly attributed to its use, the OR for vaping would be substantially over-estimated. Indeed this argument was not made in other studies which discussed the problem of reverse causation [33, 35, 39]. It is noteworthy that the only publications which took reverse causation into account [24, 42, 47] found no significant effect of vaping, whether comparing vaping with non-tobacco use, or comparing those who smoked and vaped with those smoking cigarettes only. The fact that all three publications were based on the same data set (waves 1–5 of the US PATH study) and two [42, 47] considered the same disease (COPD) emphasises the limitations described in the previous paragraph, and shows how little good data there actually is on the risks of the major smoking-related diseases associated with vaping.
When considering the results for those who were vapers and smokers, Glantz et al. [14] did not make the possibility clear that the increased risk seen compared to people who only smoke may have arisen because people who use both products may, prior to taking up vaping, have been smoking more heavily than those who maintained exclusive cigarette smoking [53], creating a bias essentially not studied in the source papers considered. Nor did they make it clear that a substantial number of their comparative OR estimates for those who vaped and smoked were not derived, as they should be, from analyses restricted to the sample that only smoked cigarettes. Additionally, most of the studies examining dual use of e-cigarettes and cigarettes failed to account for the very diverse and heterogeneous nature of the dual use definition. Someone who smokes daily and vapes occasionally, perhaps once per week, and someone who vapes daily and smokes occasionally, perhaps one cigarette per week, are classified into a single group but may have a very different risk for future development of smoking-related disease. Since the classification of dual use includes such highly heterogeneous behaviors, it is unclear how results of studies examining such use can be interpreted unless product consumption patterns are accurately recorded and sub-classifications are made. All the above, together with the limited control for duration and frequency or intensity of e-cigarette and cigarette use, indicate that the assessment of Glantz et al. [14] that all the studies included had a low risk of bias was extremely optimistic, as most ignored the possibility of reverse causation and failed to take into account past history of cigarette smoking.
We also note that Glantz et al. [14] have totally misinterpreted the combined evidence from the comparative risk estimates for vaping vs. cigarette smoking by suggesting that, even for disease conditions where lower comparative ORs were found (asthma, COPD, and oral disease), “the odds of disease were still substantial.” Such a statement ignores the fact that most people who exclusively vape were previously smoking, and thus carry a substantial but gradually decreasing disease risk for many years after quitting smoking, even if they quit without using any harm reduction product. Not only did our estimates for MI, stroke and COPD all show a significantly reduced risk for vaping, but the reduction was surprisingly large given the relatively few years that e-cigarettes have been used. The great majority of the studies considered show a reduction in ER for vaping compared to cigarette smoking, that is actually greater than the reduction in the ER that one would expect comparing people who have quit for a relatively short time, without using any alternative nicotine products, to those who continue to smoke. While, we would certainly not argue that switching to e-cigarettes reduces disease risk more than does quitting, and acknowledge that the quality of much of the data is quite poor and there seems to be (contrary to the conclusion of Glantz et al. [14]) a very clear risk of bias, the results summarized seem consistent with vaping being associated with a substantially lower risk than cigarette smoking of the major smoking-related diseases that we have studied.
Clearly though, more and better evidence is needed, both to minimize the effect of the various biases considered, and to extend the list of diseases – to cancer particularly. Additionally, in attempting to assess the relative effects of vaping and cigarette smoking, stronger evidence could be derived by comparing disease incidence in prospective studies of those who at baseline were smoking cigarettes and disease-free who (a) continued smoking, (b) switched to vaping, (c) used both products, or (d) quit tobacco, with account taken of smoking history and confounding variables, and indeed similar studies could be performed for secondary prevention, where the outcome occurs more quickly. However, and somewhat surprisingly, such studies have virtually never been attempted, even for diseases such as CVD where the decline in risk following quitting is quite rapid. In this context, the results from a recent study based on the Korean NHIS which followed smokers who had undergone percutaneous coronary intervention for three years [54] are of interest. Compared with those who continued to smoke cigarettes, the study found that those who switched to e-cigarettes (many of whom were still smoking tobacco cigarettes) had a significantly reduced multivariate-adjusted hazard ratio of a major adverse cardiac event of 0.82 (95%CI 0.69–0.98) which was similar to that of 0.87 (95%CI 0.79–0.96) among those who successfully quit without using any alternative nicotine product.

Conclusions
The analyses by Glantz et al. [14] have numerous weaknesses, as discussed in detail for MI, stroke and COPD, that were largely ignored by the authors. Also, the source studies had various limitations. Notably, most of them were contrary to the assessment of having a low risk of bias of Glantz et al. [14], since they frequently failed to take into account whether the switch to vaping occurred before or after the onset of disease, and failed to take account of duration of smoking and amount smoked before the switch to vaping. While the results suggest a higher risk of the diseases studied in those vaping and smoking than in those exclusively smoking, the studies considered have not properly adjusted for smoking history before the switch to vaping and for product consumption patterns after initiation of dual use. Glantz et al. [14] obscured the fact that the lower risk observed for vaping than for cigarette smoking, based on the rather weak evidence used, was not only significant, but was actually consistent with the level of reduction expected for those who have quit smoking for a short period without the use of any alternative product. There is certainly a need for more, better designed, prospective studies to be conducted. However, the evidence considered by Glantz et al. [14] certainly does not refute the possibility that vaping provides substantial harm reduction compared to cigarette smoking.

Acknowledgements
We thank Yvonne Cooper for secretarial assistance and for help in obtaining the required references.

Author contributions
Lee PN planned the study; Statistical analyses were carried out by Lee PN and checked by Farsalinos K; Lee PN and Farsalinos K were responsible for study interpretation; Lee PN and Farsalinos K drafted and checked the text.

Funding
No funding or any other support was received for this study.

Data availability
No datasets were generated or analysed during the current study.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
PN Lee has been a long-term consultant to the tobacco industry. K Farsalinos has no conflict of interest to report.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by-nc-nd/​4.​0/​.

References
	1.
Flouris AD, Oikonomou DN. Electronic cigarettes: miracle or menace? BMJ 2010;340:c311.(Epub 20100119): https://​doi.​org/​10.​1136/​bmj.​c311


	2.
Cummings KM, Hammond D. E-cigarettes: striking the right balance. Lancet Public Health. 2020;5(4):e180–1. https://​doi.​org/​10.​1016/​s2468-2667(20)30004-9. (Epub 20200122.CrossrefPubMed


	3.
Cummings KM, Ballin S, Sweanor D. The past is not the future in tobacco control. Prev Med. 2020;140:106183.(Epub 20200627): https://​doi.​org/​10.​1016/​j.​ypmed.​2020.​106183


	4.
Marques P, Piqueras L, Sanz MJ. An updated overview of e-cigarette impact on human health. Respir Res. 2021;22(1):151. https://​doi.​org/​10.​1186/​s12931-021-01737-5. (Epub 20210518.CrossrefPubMedPubMedCentral


	5.
Giovacchini CX, Crotty Alexander LE, Que LG. Electronic cigarettes: A pro-con review of the current literature. J Allergy Clin Immunol Pract. 2022;10(11):2843–51. https://​doi.​org/​10.​1016/​j.​jaip.​2022.​07.​009. (Epub 20220721.CrossrefPubMed


	6.
Abrams DB, Glasser AM, Pearson JL, Villanti AC, Collins LK, Niaura RS. Harm minimization and tobacco control: reframing societal views of nicotine use to rapidly save lives. Annu Rev Public Health. 2018;39:193–213. https://​doi.​org/​10.​1146/​annurev-publhealth-040617-013849. (Epub 20180111.CrossrefPubMedPubMedCentral


	7.
Ali N, Xavier J, Engur M, Pv M, Bernardino de la Serna J. The impact of e-cigarette exposure on different organ systems: A review of recent evidence and future perspectives. J Hazard Mater. 2023;457(Epub 20230612):131828. https://​doi.​org/​10.​1016/​j.​jhazmat.​2023.​131828CrossrefPubMed


	8.
Polosa R, Farsalinos K, Prisco D. Health impact of electronic cigarettes and heated tobacco systems. Intern Emerg Med. 2019;14(6):817–. https://​doi.​org/​10.​1007/​s11739-019-02167-4.– 20.(Epub 20190814.CrossrefPubMed


	9.
Sahu KK, Mishra AK, Lal A, Abraham G. A double-edged sword: E-cigarettes, and other electronic nicotine delivery systems (ENDS) (Letter). Intern Emerg Med. 2020;15(6):1117–8. https://​doi.​org/​10.​1007/​s11739-019-02203-3. (Epub 20191107).CrossrefPubMed


	10.
Farsalinos K. Electronic cigarettes: an aid in smoking cessation, or a new health hazard? Ther adv respir dis 2018;12:1753465817744960.(Epub 20171207): https://​doi.​org/​10.​1177/​1753465817744960​


	11.
Lee PN. Epidemiological evidence relating Snus to health - an updated review based on recent publications. Harm Reduct J. 2013;10(1):36. https://​doi.​org/​10.​1186/​1477-7517-10-36CrossrefPubMedPubMedCentral


	12.
Lee PN, Hamling JS. Systematic review of the relation between smokeless tobacco and cancer in Europe and North America. BMC Med. 2009;7:36. https://​doi.​org/​10.​1186/​1741-7015-7-36CrossrefPubMedPubMedCentral


	13.
Clarke E, Thompson K, Weaver S, Thompson J, O’Connell G. Snus: a compelling harm reduction alternative to cigarettes. Harm Reduct J. 2019;16(1):62. https://​doi.​org/​10.​1186/​s12954-019-0335-1. (Epub 20191127.CrossrefPubMedPubMedCentral


	14.
Glantz SA, Nguyen N, Oliveira da Silva AL. Population-based disease odds for e-cigarettes and dual use versus cigarettes. NEJM Evid. 2024;3(3):EVIDoa2300229. https://​doi.​org/​10.​1056/​EVIDoa2300229. (Epub 20240227).CrossrefPubMedPubMedCentral


	15.
Lee PN, Fry JS, Hamling JF, Sponsiello-Wang Z, Baker G, Weitkunat R. Estimating the effect of differing assumptions on the population health impact of introducing a reduced risk tobacco product in the USA. Regul Toxicol Pharmacol. 2017;88:192–213. https://​doi.​org/​10.​1016/​j.​yrtph.​2017.​06.​009. (Epub 20170623.CrossrefPubMed


	16.
Fleiss JL, Gross AJ. Meta-analysis in epidemiology, with special reference to studies of the association between exposure to environmental tobacco smoke and lung cancer: a critique. J Clin Epidemiol. 1991;44(2):127–39. https://​doi.​org/​10.​1016/​0895-4356(91)90261-7CrossrefPubMed


	17.
Suissa S. Relative excess risk: an alternative measure of comparative risk. Am J Epidemiol. 1999;150(3):279–82. https://​doi.​org/​10.​1093/​oxfordjournals.​aje.​a009999CrossrefPubMed


	18.
Lee PN, Fry JS, Hamling JS. Using the negative exponential distribution to quantitatively review the evidence on how rapidly the excess risk of ischaemic heart disease declines following quitting smoking. Regul Toxicol Pharmacol. 2012;64:51–67. https://​doi.​org/​10.​1016/​j.​yrtph.​2012.​06.​009CrossrefPubMed


	19.
Fry JS, Lee PN, Forey BA, Coombs KJ. How rapidly does the excess risk of lung cancer decline following quitting smoking? A quantitative review using the negative exponential model. Regul Toxicol Pharmacol. 2013;67:13–26. https://​doi.​org/​10.​1016/​j.​yrtph.​2013.​06.​001CrossrefPubMed


	20.
Lee PN, Fry JS, Thornton A. Estimating the decline in excess risk of cerebrovascular disease following quitting smoking - A systematic review based on the negative exponential model. Regul Toxicol Pharmacol. 2014;68(1):85–95. https://​doi.​org/​10.​1016/​j.​yrtph.​2013.​11.​013CrossrefPubMed


	21.
Lee PN, Fry JS, Forey BA. Estimating the decline in excess risk of chronic obstructive pulmonary disease following quitting smoking - a systematic review based on the negative exponential model. Regul Toxicol Pharmacol. 2014;68(2):231–9. https://​doi.​org/​10.​1016/​j.​yrtph.​2013.​12.​006CrossrefPubMed


	22.
Patel U, Patel N, Khurana M, Parulekar A, Patel A, Ortiz JF, et al. Effect comparison of e-cigarette and traditional smoking and association with stroke-a cross-sectional study of NHANES. Neurol Int. 2022;14(2):441–52. https://​doi.​org/​10.​3390/​neurolint1402003​7. (Epub 20220527).CrossrefPubMedPubMedCentral


	23.
Falk GE, Okut H, Vindhyal MR, Ablah E. Hypertension and cardiovascular diseases among electronic and combustible cigarette users. Kans J Med. 2022;15:226– 30.(Epub 20220721): https://​doi.​org/​10.​17161/​kjm.​vol15.​16752


	24.
Hirschtick JL, Cook S, Patel A, Barnes GD, Arenberg D, Bondarenko I, et al. Longitudinal associations between exclusive and dual use of electronic nicotine delivery systems and cigarettes and self-reported incident diagnosed cardiovascular disease among adults. Nicotine Tob Res. 2023;25(3):386–94. https://​doi.​org/​10.​1093/​ntr/​ntac182CrossrefPubMed


	25.
Qeadan F, Nicolson A, Barbeau WA, Azagba S, English K. The association between dual use of electronic nicotine products and illicit drugs with adverse cardiovascular and respiratory outcomes in a longitudinal analysis using the population assessment of tobacco and health (PATH) survey. Drug Alcohol Depend Rep. 2023;7(Epub 20230506):100166. https://​doi.​org/​10.​1016/​j.​dadr.​2023.​100166CrossrefPubMedPubMedCentral


	26.
Goldberg Scott S, Feigelson HS, Powers JD, Clennin MN, Lyons JA, Gray MT, et al. Demographic, clinical, and behavioral factors associated with electronic nicotine delivery systems use in a large cohort in the united States. Tob Use Insights. 2023;16:1179173x221134855. https://​doi.​org/​10.​1177/​1179173x22113485​5. (Epub 20230105).CrossrefPubMedPubMedCentral


	27.
El-Shahawy O, Shah T, Obisesan OH, Durr M, Stokes AC, Uddin I, et al. Association of e-cigarettes with erectile dysfunction: the population assessment of tobacco and health study. Am J Prev Med. 2022;62(1):26–38. https://​doi.​org/​10.​1016/​j.​amepre.​2021.​08.​004. (Epub 20211130.CrossrefPubMed


	28.
Berlowitz JB, Xie W, Harlow AF, Hamburg NM, Blaha MJ, Bhatnagar A, et al. E-cigarette use and risk of cardiovascular disease: A longitudinal analysis of the PATH study, 2013–2019 (Letter). Circulation. 2022;145(20):1557–9. https://​doi.​org/​10.​1161/​circulationaha.​121.​057369. (Epub 20220506).CrossrefPubMedPubMedCentral


	29.
Liu X, Yuan Z, Ji Y. The association between electronic cigarettes, sleep duration, and the adverse cardiovascular outcomes: findings from behavioral risk factor surveillance system, 2020. Front Cardiovasc Med 2022;9:909383.(Epub 20221006): https://​doi.​org/​10.​3389/​fcvm.​2022.​909383


	30.
Mahoney MC, Rivard C, Kimmel HL, Hammad HT, Sharma E, Halenar MJ, et al. Cardiovascular outcomes among combustible-tobacco and electronic nicotine delivery system (ENDS) users in waves 1 through 5 of the population assessment of tobacco and health (PATH) study, 2013–2019. Int J Environ Res Public Health. 2022;19(7). https://​doi.​org/​10.​3390/​ijerph19074137. (Epub 20220331.


	31.
Osei AD, Mirbolouk M, Orimoloye OA, Dzaye O, Uddin SMI, Benjamin EJ, et al. The association between e-cigarette use and cardiovascular disease among never and current combustible cigarette smokers: BRFSS 2016 & 2017. Am J Med. 2019;132(8):949–54. https://​doi.​org/​10.​1016/​j.​amjmed.​2019.​02.​016. (Epub 20190307).CrossrefPubMed


	32.
Gathright EC, Wu WC, Scott-Sheldon LAJ. Electronic cigarette use among heart failure patients: findings from the population assessment of tobacco and health study (Wave 1: 2013–2014). Heart Lung. 2020;49(3):229–32. https://​doi.​org/​10.​1016/​j.​hrtlng.​2019.​11.​006. (Epub 20191205).CrossrefPubMed


	33.
Farsalinos KE, Polosa R, Cibella F, Niaura R. Is e-cigarette use associated with coronary heart disease and myocardial infarction? Insights from the 2016 and 2017 National health interview surveys. Ther Adv Chronic Dis. 2019;10:2040622319877741. https://​doi.​org/​10.​1177/​2040622319877741​. (Epub 20190927.CrossrefPubMedPubMedCentral


	34.
Alzahrani T, Pena I, Temesgen N, Glantz SA. Association between electronic cigarette use and myocardial infarction. Am J Prev Med. 2018;55(4):455– 61.(Epub 20180817): https://​doi.​org/​10.​1016/​j.​amepre.​2018.​05.​004. Erratum appears in Am J Prev Med. 2019;57(4):579–584.


	35.
Bricknell RAT, Ducaud C, Figueroa A, Schwarzman LS, Rodriguez P, Castro G, et al. An association between electronic nicotine delivery systems use and a history of stroke using the 2016 behavioral risk factor surveillance system. Med (Baltim). 2021;100(36):e27180. https://​doi.​org/​10.​1097/​md.​0000000000027180​Crossref


	36.
Parekh T, Pemmasani S, Desai R. Risk of stroke with e-cigarette and combustible cigarette use in young adults. Am J Prev Med. 2020;58(3):446–52. https://​doi.​org/​10.​1016/​j.​amepre.​2019.​10.​008. (Epub 20200107.CrossrefPubMed


	37.
Hedman L, Backman H, Stridsman C, Bosson JA, Lundbäck M, Lindberg A, et al. Association of electronic cigarette use with smoking habits, demographic factors, and respiratory symptoms. JAMA Netw Open. 2018;1(3):e180789. https://​doi.​org/​10.​1001/​jamanetworkopen.​20180789. (Epub 20180706).CrossrefPubMedPubMedCentral


	38.
Strong DR, Myers MG, Pulvers K, Noble M, Brikmanis K, Doran N. Marijuana use among US tobacco users: findings from wave 1 of the population assessment of tobacco health (PATH) study. Drug Alcohol Depend. 2018;186:16–22. https://​doi.​org/​10.​1016/​j.​drugalcdep.​2017.​12.​044. (Epub 20180303).CrossrefPubMed


	39.
Antwi GO, Rhodes DL. Association between e-cigarette use and chronic obstructive pulmonary disease in non-asthmatic adults in the USA. J Public Health (Oxf). 2022;44(1):158–64. https://​doi.​org/​10.​1093/​pubmed/​fdaa229CrossrefPubMed


	40.
Barrameda R, Nguyen T, Wong V, Castro G, de la Rodriguez P, Lozano J, et al. Use of e-cigarettes and self-reported lung disease among US adults. Public Health Rep. 2020;135(6):785–95. https://​doi.​org/​10.​1177/​0033354920951140​. (Epub 20200924.CrossrefPubMedPubMedCentral


	41.
Bhatta DN, Glantz SA. Association of e-cigarette use with respiratory disease among adults: A longitudinal analysis. Am J Prev Med. 2020;58(2):182–. https://​doi.​org/​10.​1016/​j.​amepre.​2019.​07.​028.– 90.(Epub 20191216.CrossrefPubMed


	42.
Cook SF, Hirschtick JL, Fleischer NL, Arenberg DA, Barnes GD, Levy DT, et al. Cigarettes, ENDS use, and chronic obstructive pulmonary disease incidence: A prospective longitudinal study. Am J Prev Med. 2023;65(2):173–. https://​doi.​org/​10.​1016/​j.​amepre.​2023.​01.​038.– 81.(Epub 20230307.CrossrefPubMedPubMedCentral


	43.
Cordova J, Pfeiffer RM, Choi K, Grana Mayne R, Baker L, Bachand J, et al. Tobacco use profiles by respiratory disorder status for adults in the wave 1-wave 4 population assessment of tobacco and health (PATH) study. Prev Med Rep. 2022;30(Epub 20221012):102016. https://​doi.​org/​10.​1016/​j.​pmedr.​2022.​102016CrossrefPubMedPubMedCentral


	44.
Kim T, Kang J. Association between dual use of e-cigarette and cigarette and chronic obstructive pulmonary disease: an analysis of a nationwide representative sample from 2013 to 2018. BMC Pulm Med. 2021;21(1):231. https://​doi.​org/​10.​1186/​s12890-021-01590-8. (Epub 20210713.CrossrefPubMedPubMedCentral


	45.
Osei AD, Mirbolouk M, Orimoloye OA, Dzaye O, Uddin SMI, Benjamin EJ, et al. Association between e-cigarette use and chronic obstructive pulmonary disease by smoking status: behavioral risk factor surveillance system 2016 and 2017. Am J Prev Med. 2020;58(3):336–42. https://​doi.​org/​10.​1016/​j.​amepre.​2019.​10.​014. (Epub 20200102).CrossrefPubMedPubMedCentral


	46.
Parekh T, Owens C, Fay K, Phillips J, Kitsantas P. Use of e-cigarettes and development of respiratory conditions in women of childbearing age. South Med J. 2020;113(10):488–94. https://​doi.​org/​10.​14423/​smj.​0000000000001158​CrossrefPubMed


	47.
Paulin LM, Halenar MJ, Edwards KC, Lauten K, Stanton CA, Taylor K, et al. Association of tobacco product use with chronic obstructive pulmonary disease (COPD) prevalence and incidence in waves 1 through 5 (2013–2019) of the population assessment of tobacco and health (PATH) study. Respir Res. 2022;23(1):273. https://​doi.​org/​10.​1186/​s12931-022-02197-1. (Epub 20221001.CrossrefPubMedPubMedCentral


	48.
Perez MF, Atuegwu NC, Mead EL, Oncken C, Mortensen EM. Adult e-cigarettes use associated with a self-reported diagnosis of COPD. Int J Environ Res Public Health. 2019;16(20). https://​doi.​org/​10.​3390/​ijerph16203938


	49.
Wills TA, Pagano I, Williams RJ, Tam EK. E-cigarette use and respiratory disorder in an adult sample. Drug Alcohol Depend. 2019;194:363– 70.(Epub 20181107): https://​doi.​org/​10.​1016/​j.​drugalcdep.​2018.​10.​004


	50.
Wills TA, Choi K, Pokhrel P, Pagano I. Tests for confounding with cigarette smoking in the association of E-cigarette use with respiratory disorder: 2020 National-Sample data. Prev Med. 2022;161(Epub 20220709):107137. https://​doi.​org/​10.​1016/​j.​ypmed.​2022.​107137CrossrefPubMedPubMedCentral


	51.
Xie W, Kathuria H, Galiatsatos P, Blaha MJ, Hamburg NM, Robertson RM, et al. Association of electronic cigarette use with incident respiratory conditions among US adults from 2013 to 2018. JAMA Netw Open. 2020;3(11):e2020816. https://​doi.​org/​10.​1001/​jamanetworkopen.​2020.​20816. (Epub 20201102.CrossrefPubMedPubMedCentral


	52.
Xie Z, Ossip DJ, Rahman I, Li D. Use of electronic cigarettes and self-feported chronic obstructive pulmonary disease diagnosis in adults. Nicotine Tob Res. 2020;22(7):1155–61. https://​doi.​org/​10.​1093/​ntr/​ntz234CrossrefPubMed


	53.
Lee P, Fry J, Forey B, Coombs KJ, Thornton AJ. Cigarette consumption in adult dual users of cigarettes and e-cigarettes: a review of the evidence, including new results from the PATH study [version 2; peer review: 1 approved with reservations]. F1000Res. 2021;9:630. https://​doi.​org/​10.​12688/​f1000research.​24589.​2Crossref


	54.
Kang D, Choi KH, Kim H, Park H, Heo J, Park TK, et al. Prognosis after switching to electronic cigarettes following percutaneous coronary intervention: a Korean nationwide study. Eur Heart J. 2025;46(1):84–95. https://​doi.​org/​10.​1093/​eurheartj/​ehae705CrossrefPubMed




Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Comparing smoking-related disease rates from e-cigarette use with those from tobacco cigarette use: a reanalysis of a recently-published study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/css/cc-by-nc-nd.png
(OO





